Background and Purpose-Eligibility criteria determine the external validity (generalizability) of the results of randomized controlled trials. To increase the number of outcome events, and hence statistical power, some recent stroke prevention trials have required additional vascular risk factors for eligibility. Methods-To assess the merits of additional eligibility criteria in stroke prevention trials, we analyzed data from 3 trials and 1 hospital-referred series of patients with a transient ischemic attack or minor ischemic stroke. Patients were stratified according to 2 sets of additional risk factors similar to those used in recent trials (MATCH, SPORTIF and PRoFESS); risk of stroke, myocardial infarction, or vascular death was calculated in relation to the number of risk factors. Results-Although the observed risk during follow-up did increase with the number of risk factors present (PϽ0.01 for both sets), the risks in patients with Ն1 risk factors were not substantially greater than those in all patients. Consequently, although the proportions of patients with no risk factors in the 4 cohorts differed substantially between the 2 sets of eligibility criteria (21% to 28% versus 56% to 73%), in neither case could their exclusion be justified on statistical grounds. Conclusions-The degree of patient selection introduced by use of additional vascular risk factors as eligibility criteria for trials can differ substantially between apparently similar sets of risk factors. Given that the potential for additional eligibility criteria to undermine generalizability and prolong recruitment outweighs any benefits in terms of statistical power, the exclusion of patients with no risk factors is difficult to justify. 
R
andomized controlled trials (RCTs) are the most reliable methods of determining the effects of treatment. They must be internally valid (ie, design and conduct must eliminate the possibility of bias), 1,2 but to be clinically useful, the results must also be relevant to a definable group of patients in a particular clinical setting; this is generally termed external validity or generalizability. Lack of external validity is the most frequent criticism by clinicians of randomized trials and systematic reviews. [3] [4] [5] [6] [7] [8] Often the most important determinants of the external validity of the results of a trial are the criteria used to determine whether or not patients are eligible. 9 -11 Eligibility criteria should not be too exclusive in a pragmatic trial if it is intended that the results should be generalizable to routine clinical practice. However, a review of 41 US National Institutes of Health trials found an average exclusion rate of 73%, 12 and exclusion rates in stroke trials can be much higher. In acute stroke, 1 study found that of the small proportion of patients admitted to hospital sufficiently quickly to be suitable for thrombolysis, 13 96% were ineligible based on the various other criteria of the relevant RCT. 14 One center in another acute stroke trial had to screen 192 patients over 2 years to find a single eligible patient. 15 In secondary prevention of stroke, trial eligibility criteria tend to be broader, but the effects of interventions can still be very dependent on patient characteristics, 16, 17 and so eligibility criteria deserve detailed consideration.
One recent innovation in some stroke prevention trials is the requirement for certain risk factors in addition to the presenting clinical syndrome for eligibility. For example, the MATCH trial required a previous stroke or myocardial infarction (MI), angina, peripheral vascular disease (PVD), or diabetes in addition to the recent transient ischemic attack (TIA) or stroke for eligibility, 18 and the main SPORTIF trials required Ն1 of the following additional risk factors: hypertension; Ͼ75 years of age; previous TIA, stroke, or systemic embolism; left ventricular dysfunction; coronary artery disease; or diabetes. 19, 20 The PRoFESS study required either "Ն55 years of age and ischemic stroke within 90 days before study entry" or "Ͼ50 years of age, ischemic stroke within 120 days before study entry, and Ն2 of the following additional risk factors: diabetes, hypertension, smoking, obesity, vascular damage (previous stroke, MI, or PVD), and end organ damage." 21 Such additional eligibility criteria are intended to result in higher absolute risks of the trial outcomes and therefore greater statistical power and a reduced sample size. However, they will also decrease availability of patients over a given time period and potentially undermine external validity by resulting in a trial population that is particularly unrepresentative of patients seen in routine clinical practice. In MATCH, for example, diabetes was the easiest additional risk factor to document, and so Ϸ70% of recruited patients were diabetic, 18 7ϫ more than in population-based studies of TIA/stroke patients. 22 Data from previous studies can be used to provide insights into the design of new studies. For example, in acute stroke studies, the influences of different entry criteria on patient outcome have been studied. 23 Given the uncertainty about the merits of additional eligibility criteria in stroke prevention trials, we analyzed data from 3 previous secondary prevention trials 24 -26 and 1 series of hospital-referred TIA patients 27 to determine the distribution of additional risk factors among the study populations and to investigate the relationship between risk and required sample size for a hypothetical trial.
Methods

Patient Populations
The UK-TIA aspirin trial 24 was a trial of long-term treatment with aspirin (1200 mg daily versus 300 mg daily versus placebo) in 2435 patients with a TIA or minor ischemic stroke. The Dutch TIA trial 25 was a 2ϫ2 factorial RCT involving 2 treatment comparisons in 3150 patients with a TIA or minor ischemic stroke. A total of 3131 patients were randomized to 30 mg aspirin daily versus 283 mg aspirin daily, and 1473 patients were also randomized to 50 mg atenolol daily versus placebo. The European Carotid Surgery Trial (ECST) 26 was an RCT of carotid endarterectomy versus best medical treatment alone in 3018 patients with recently symptomatic carotid stenosis. Analyses in this article were based on data from the 1211 patients randomized to medical treatment only. The Oxford TIA cohort was a study of 469 hospital-referred TIAs. 27 
Analysis
Two sets of additional risk factors were used to stratify patients in each of the 4 cohorts into groups. Set 1 consisted of the 5 risk factors used as inclusion criteria in the MATCH trial: previous ischemic stroke (before qualifying event), previous MI, angina, symptomatic PVD, and diabetes. 18 These risk factors were also among those used in the SPORTIF trials and PRoFESS, which also used hypertension as an additional risk factor for eligibility. We therefore studied a Figure 1 . Proportion of patients (bars) and 3-year risk of any stroke, MI, or vascular death with 95% CIs (lines) against number of risk factors for (i) risk factor set 1 and (ii) risk factor set 2 in a) the UK-TIA aspirin trial, b) the Dutch TIA trial, c) ECST, and d) the Oxford TIA cohort. Risk factor set 1 comprised previous ischemic stroke, previous MI, angina, PVD, and diabetes. Risk factor set 2 comprised hypertension, previous MI, angina, PVD, and diabetes. The numbers within or above each bar represent the number of events and number of patients in each group.
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second set of 5 risk factors similar to the first set but excluded previous stroke and included hypertension. Hypertension was defined by the use of antihypertensive treatment at baseline or a baseline systolic blood pressure of Ն160 mm Hg or a baseline diastolic blood pressure of Ն90 mm Hg. Within each of the 4 study populations, the proportion of patients with none, 1, 2, or Ͼ2 risk factors was determined. Within groups defined by these numbers of risk factors, 3-year risks of the composite outcome of any stroke, MI, or vascular death were calculated. This outcome was chosen because it is common to most stroke prevention trials as either a primary or secondary outcome.
Univariate hazard ratios for the risk of any stroke, MI, or vascular death were calculated for each of the risk factors studied, using Cox proportional hazards models of the pooled data stratified by study. Heterogeneity between studies, with respect to the univariate effect of each risk factor, was assessed by fitting models including terms for study, the risk factor, and a study by risk factor interaction term.
In the 2 antiplatelet trials, we also explored the relationship between risk in patients included and required sample size by considering requirements for a hypothetical trial of a powerful new antiplatelet treatment. We calculated the required sample sizes to detect a relative risk reduction of 25% with statistical powers of 80% and 90% for the different subsets of patients with increasing numbers of risk factors. We assumed that patients would be randomized into 2 equally sized groups and that the risk of a vascular event in the placebo group for each risk factor subset was equal to the corre- Figure 2 . Proportion of patients (bars) and 3-year risk of any stroke, MI, or vascular death with 95% CIs (lines) against number of risk factors for (i) risk factor set 1 and (ii) risk factor set 2 in a) the UK-TIA aspirin trial, b) the Dutch TIA trial, c) ECST, and d) the Oxford TIA cohort. Risk factor set 1 comprised previous ischemic stroke, previous MI, angina, PVD, and diabetes. Risk factor set 2 comprised hypertension, previous MI, angina, PVD, and diabetes. The numbers within or above each bar represent the number of events and number of patients in each group. sponding observed risk in the UK-TIA and Dutch TIA trials. A desired significance level of 5% was assumed. The required sample sizes were compared against the actual number of patients in each group. Table 1 shows the baseline clinical characteristics and prevalence of the risk factors studied in the 4 study populations. Hypertension was the most prevalent of the risk factors, being present in around two thirds of the population in each study. Table 2 shows the univariate hazard ratios for each of the risk factors studied. All of the risk factors were statistically significantly associated with an increased risk of new vascular events. There was no statistically significant heterogeneity in effect of the risk factors between studies. Figure 1 shows the proportions of patients with 0, 1, 2, or Ͼ2 risk factors and the corresponding observed 3-year risks of any stroke, MI, or vascular death during follow-up. For risk factor set 1, most patients in each population had none of the listed risk factors. In contrast, using the second set of risk factors, most patients had Ն1 risk factor. Although the numbers of patients in the Oxford TIA cohort were much smaller than those in the 3 trials, the patterns observed in this nontrial population were very similar to the others for both sets of risk factors.
Results
For both sets of risk factors, the risk of vascular events observed during follow-up increased with increasing numbers of risk factors in all 4 populations (Figure 1 ). The trends in risk were statistically significant at the PϽ0.01 level in each case. Figure 2 shows the 3-year risks of any stroke, MI, or vascular death for all patients (ie, Ն0 risk factors) compared with those for patients with Ն1 of the additional risk factors. For risk factor set 1 (those used in the MATCH trial), only around one third of patients in each population had Ն1 risk factor. For risk factor set 2, most patients (between 70% and 80%) had Ն1 risk factor. In both cases, only a modest increase in risk of vascular events during follow-up was observed between patients with Ն1 risk factors compared with all patients. For both sets of risk factors, the patterns were highly consistent across the 4 populations.
We used the data from the 2 antiplatelet trials (UK-TIA aspirin trial and Dutch TIA trial) to calculate the number of patients required to achieve powers of 80% and 90% in hypothetical trials for the risk factor groups shown in Figure  1 . Figure 3 shows actual numbers of patients in each group together with the required numbers to detect a relative risk reduction of 25% in the 3-year risk of a vascular event. In both trials, the total number of patients (UK-TIA aspirin trial nϭ2435; Dutch TIA trial nϭ3150) was between that required for 80% power (UK-TIA aspirin trial nϭ2211; Dutch TIA trial nϭ2662) and that required for 90% power (UK-TIA aspirin trial nϭ2960; Dutch TIA trial nϭ3563). For risk factor set 1 (Figure 3i ), although the number of patients required decreases with increasing risk, the availability of these patients (as shown by the actual numbers in these groups) decreases more rapidly. Consequently, if patients with Ն1 risk factor were selected, then there would be a large shortfall in the number of patients to achieve even 80% power, with actual and required numbers of 762 versus 1451 Figure 3 . Actual sample size (bars) and required sample sizes (lines) to achieve 80% and 90% power against number of risk factors for (i) risk factor set 1 and (ii) risk factor set 2 in a) the UK-TIA aspirin trial and b) the Dutch TIA trial. Power calculations were based on detecting a relative risk reduction of 25% and assuming a significance level of 5%.
in the UK-TIA aspirin trial and 1108 versus 1637 in the Dutch TIA trial. This discrepancy between available and required patients would widen further if patients with Ͼ1 or Ͼ2 risk factors were selected. It would therefore take much longer to recruit sufficient numbers of these patients to achieve the desired statistical power.
A similar effect is observed for the second set of risk factors (Figure 3ii ). For patients with Ն1 risk factor, the observed number is only just sufficient for 80% power in the UK-TIA and the Dutch TIA trials. As for risk factor set 1, the decline in the numbers of patients with multiple risk factors is more rapid than the decline in required patients to achieve a specified power, meaning that any potential benefits would be offset by increased recruitment times.
Discussion
Selection criteria for recruitment of patients into RCTs will influence the length of the recruitment period, the statistical power, and the external validity of the results. Observed distributions of risk factors and risk in patient subgroups from previous trials can be used to study the likely impact of additional entry criteria. We analyzed data on risk of vascular events in 4 populations of patients with TIA or minor ischemic stroke and related these observations to sample size requirements for hypothetical trials.
We considered 2 different sets of risk factors and investigated the likely consequences of selecting patients on the basis of the presence of Ն1 of these additional risk factors. In our 4 populations (and for both sets of risk factors), we found that although risk did increase with increasing number of risk factors, there was only a relatively small increase in risk in patients with Ն1 risk factor compared with all patients. As such, any corresponding gains in statistical power from excluding patients with 0 risk factors would only be modest. Another potential advantage of having smaller patient numbers in a trial would be reduced workload associated with follow-up. However, these benefits from recruiting higherrisk patients must be offset against 2 important factors: potential problems with loss of generalizability of the results and decreasing availability of eligible patients over the same time period. For sets of risk factors, such as the MATCH risk factors, in which the majority of patients in routine clinical practice have 0 risk factors, the external validity of the results could clearly be compromised. Recruitment can be further skewed by strict requirements for the definition and documentation of these risk factors before inclusion. In MATCH, for example, diabetes was the easiest additional risk factor to document, and so Ϸ70% of recruited patients were diabetic, between 6 and 20ϫ more than in the studies in our analysis.
The comparison of actual patient numbers with required sample sizes shows that the decline in availability of patients with increasing numbers of risk factors is much steeper than the decline in the required patients to achieve a specified statistical power (Figure 3 ). On balance, these data therefore suggest that selection of patients with Ն1 additional risk factors would at best not be worthwhile and at worst may undermine the external validity of the results. These findings were very consistent across the 4 different populations and for 2 sets of risk factors.
A potential criticism of these analyses would be the age of these data sets, with more effective preventive interventions becoming available over the last decade. Indeed, the age of the data sets was a factor in determining an appropriate definition for hypertension in these analyses. In using threshold values of 160/90 mm Hg for these data, collected when hypertension was treated less aggressively than it is today, we used a threshold that is likely to be functionally equivalent to a threshold of 140/90 mm Hg today. Although improved preventive interventions may mean that risks in future trials would be lower than those observed here, the observations concerning the trade-off between power and availability will remain valid. Moreover, we found that the results were consistent between the low-risk population in the Dutch TIA trial and the higher risk population in ECST, suggesting that the findings are robust to populations of differing baseline risk, and will therefore continue to be applicable as risks change in the future.
